Introduction
Sasang constitutional medicine (SCM) is a unique Korean constitution-based medicine, which was devised by Jae-Ma Lee and systematically theorized in his book Dong-Yi-Soo-SeBo-Won (The Principle of Life Preservation in Oriental Medicine) in 1894. According to the SCM perspective, human beings can be classified into four constitutional types: Tae-Yang (TY), So-Yang (SY), Tae-Eum (TE), and So-Eum (SE). These types have typically distinct characteristics in terms of equilibrium among internal organ functions, external appearance, personality traits, and their responses to drugs and treatment. [1] [2] [3] [4] [5] [6] The constitutional approach of SCM has received attention because of its utility for individualized therapy; SCM can help patients avoid unnecessary side-effects while increasing efficacy by prescribing the appropriate medicine for each constitutional type. 1, 2 Before prescription, therefore, the patient's constitution is diagnosed in a noninvasive way based on an analysis of factors, such as external appearance, voice, and personality traits, by SCM doctors' five senses. 5, 6 Facial features, in particular, have been firmly regarded by SCM doctors as representative and reliable characteristics for distinguishing among Sasang constitutional (SC) types. 7 The facial characteristics of the SC types have been described in the classical SCM literature, but these descriptions are rather subjective, abstract, and nonquantitative. [8] [9] [10] [11] [12] [13] [14] [15] [16] For these reasons, SCM classification tends to depend on the interpretation and opinion of the SCM doctor. 6 In an effort to establish a quantitative standard for SC diagnosis, many recent studies have attempted to analyze the facial features of each SC type using objective methods. [17] [18] [19] [20] Yun 17 divided 1035 participants into six subgroups according to age and gender and identified significant facial features for each group among 629 feature candidates; the participants were recruited from two oriental hospitals. Koo et al. 18 acquired 493 patients from five oriental hospitals without considering any subgroups, and they found statistically significant features from a large number of feature candidates only in frontal face images. Pham et al. 19 analyzed the frontal face images of 911 participants by examining the differences in widely-used facial metrics; the SC type was determined by two experienced SCM specialists. These previously described results may not, however, reflect the overall generality of the approach, in the sense that the participants demonstrating the different facial appearances among the SC types were collected from very few sites. In particular, differences might occur in the determination of SC types based on the subjective response of patients after taking constitution-specific pharmaceuticals or on SCM doctors' subjective opinions and experiences.
The purpose of this study was to identify the significant facial features of the SC types without subjective bias and to suggest a standard for the precise diagnosis of SC types by analyzing frontal and profile images acquired from various oriental medical clinics (19 sites in total) . A large amount of data acquired from various sites is helpful to reflect the overall generality of facial characteristics for each SC type; however, the site-to-site variability can be an obstacle to properly analyzing facial features. To reduce the systematic errors caused by the differences in the data acquisition environments at different sites, we compensated for the conversion errors from pixels to millimeters in calculating the feature variables. The candidate features were taken from the SCM literature, and a statistical data analysis was performed on subgroups divided according to age (30-49 and 50-69) and gender.
Methods

Participants
A total of 1847 patients ranging in age from their thirties to their sixties were recruited from 19 sites (oriental medical clinics) between 2007 and 2010. The patients' SC types were confirmed by SCM doctors who observed their improvements after the administration of constitution-specific pharmaceuticals over one month. The procedure of determining SC types is described specifically by Song, 20 and all data containing clinical information were stored in the Korea Constitution Multi-center Bank at the Korea Institute of Oriental Medicine.
Data acquisition
The subjects were photographed with a neutral expression in both frontal and profile views under the following standard conditions: the hair should be pulled back with a hair band; the center points of the two pupils and the two points connected between the facial contour and upper auricular perimeters should be on the same horizontal line; and a ruler should be placed approximately 10 mm below the chin to convert pixels into millimeters. This process was approved by the Korea Institute of Oriental Medicine Institutional Review Board (I-0910/02-001).
Candidate feature variables
Candidate feature variables were determined to express the facial characteristics described in the SCM literature. The variables were limited to ones that could be easily quantified. The facial characteristics delineated in the SCM literature and the feature variables are described in Tables 1 and 2 , respectively, and the positions of the numbered facial points are shown in Fig. 1 .
Measurement
The x and y coordinates of 16 points in a frontal image and 12 points in a profile image were marked and recorded in pixel units by a well-trained operator with self-developed software. The reliability of the operator's marking process was verified by a test-retest on 15 randomized images, which showed a low coefficient of variation (0.40 ∼5.53%).
Compensating for the conversion error
In the cases in which the location of the ruler was not aligned to the line representing the width of the face contour, such as FW33 and FW43 (see Fig. 2 ), the value of the variable converted from pixels to mm using only the ruler information was different from the actual length. The difference is given in Equation (1).
We found that the distance (d) between the camera and the subject was different at each site and could vary whenever the photographic location was changed because of spatial limitations. If the photographic distance was not long enough, it could significantly affect the difference between the actual length (y ) and the length (y) determined using only the ruler information. The values of the converted length variable might exhibit site-based variability because of the different photographic distances in the absence of compensation for this difference during the conversion.
To compensate for the conversion error given by Equation (1), the photographic distance (d) and the distance between y and y (x) were required.
The photographic distance (d) from an image could be calculated using the following equation: distance from a point n to the central vertical line in a frontal image. † FD(n 1 , n 2 ) (or PD(n 1 , n 2 )): distance between point n 1 and n 2 in a frontal (or profile) image. ‡ FDH(n 1 , n 2 ) (or PDH(n 1 , n 2 )): horizontal distance between n 1 and n 2 in a frontal (or profile) image.
§ FDV(n 1 , n 2 ) (or PDV(n 1 , n 2 )): vertical distance between n 1 and n 2 in a frontal (or profile) image. || FA(n 1 , n 2 ) (or PA(n 1 , n 2 )): angle between the line through two points, n 1 and n 2 , and a horizontal line in a frontal (or profile) image.
angle between three points, n 1 , n 2 and n 3 , in a frontal (or profile) image. * * PR(n 1 , n 2 , n 3 ): area of the triangle formed by three points, n 1 , n 2 , and n 3 , in a profile image. 
in which:
-Ruler mm : length of a 100 mm gradation on the ruler projected on the charge coupled device (CCD) in mm; -Ruler pixel : length of a 100 mm gradation on the ruler in the image (pixels); -CCD Width mm : CCD width of the camera in mm; -E pixels: the number of effective pixels for the camera; -T pixels: the number of total pixels for the camera; -Image width pixel : the width of the image (pixels); and -f: focal length when the image was taken in mm.
Here, Ruler pixel was acquired by manual pointing in the image, and Image width pixel , f, and the camera model information were obtained from the "Exchangeable image file format" (Exif) information stored in the image file. CCD Width mm , E pixels, and T pixels were surveyed separately based on the camera model information.
To calculate the distance between y and y (x), we assumed, heuristically, that x was two-thirds of PDH(44,53) because it was difficult to estimate the exact location of y in the image. The descriptive statistics for the photographic distance estimated by Equations (2) and (3) for each site are given in Supplementary table* S1.
Data filtering
Before the facial analysis was conducted using the feature variables extracted from the images of the subjects, the samples that did not satisfy the following conditions were excluded. First, 250 images were excluded that contained considerable noise due to the photography taking place in a dark location or without following the standard conditions, described in section 2.2.
The subjects of two sites whose SC type was TY (n = 41) were excluded because the proportion of TY types was extremely small (according to the SCM literature, TY types are less than 0.1% of the whole population 9 ) compared with the number of other SC types in our study, meaning they might skew the normal assumption in classical statistical data analysis.
Seventy-four samples were excluded because the candidate features contained at least one missing value. These omissions occurred because of the ambiguity of marking the predefined points on the images or because the Exif information necessary to estimate the photographic distance was missing.
Eighteen outliers were eliminated from the dataset based on the results of the multivariate outlier detection method, which combines Stahel-Donoho's outlyingness measure 21 and the adjusted boxplot proposed by Vandervieren. 22 Ultimately, the data from 1464 participants from 19 sites were analyzed, and the distribution as a function of the SC type is shown in Table 3 .
Statistical analysis
By treating each candidate facial feature as a response variable, univariate one-way analysis of variance (ANOVA) and a post hoc test using Scheffe's multiple comparison method were applied to reveal and identify the differences among the SC types. The significance level in all statistical tests was set at ␣ = 0.05. To demonstrate how effectively the conversion error compensation procedure for certain facial features reduced the site-to-site variability, a variance component analysis using a mixed-effects model 23 was employed.
This analysis addressed the total variation in the dependent variables that could be attributed to fixed factors, random factors, and covariates. Here, FW33 and FW43, influenced by the photographic distance, were used as dependent variables to build the mixed-effect models, and the models incorporated the following factors: GENDER (male and female), SC (TE, SE, and SY types), and AGE (30-49 and 50-69 years) as fixed factors; SITE (site where the subject was recruited) as a random factor; and distance (photographic distance) as a covariate.
With the assumption that the determination of SC types was correlated with each site, all potential variability due to the site with two-way, three-way and four-way interaction terms was allowed. To verify all possible variance due to the site, the preliminary mixed model considering FW33 and FW43 (dependent variables, DV) was established with the following form:
where the residual term (ε) was assumed to be independently and identically normally distributed with a mean of zero with a constant variance 2 . The parameters of each term in the model were estimated using a restricted maximum likelihood algorithm, 24 and Wald's Z-test 25 was used to reveal the significance of each estimated covariance in the random effects.
From the result of the preliminary mixed model analysis shown in Supplementary table* S2, the reduced model was rebuilt as follows by excluding the nuisance terms whose variance components were estimated to be nearly zero:
To verify the variability due to the photographic distance in each dependent variable, new dependent variables, denoted by FW33 adj and FW43 adj , were created that adjusted FW33 and FW43 by using Equation (1), and three different models were established: SE, So-Eum; SY, So-Yang; TE, Tae-Eum.
Model 2 − 3 :
The first model was built without the covariate of photographing distance (Model 1-1 and Model 2-1) , and the second model was built by adding the photographic distance term (Model 1-2 and Model 2-2) to verify the effect of the photographing distance. Finally, the model for the new adjusted variables FW33 adj and FW43 adj was built (Model 1-3, Model 2-3) to verify that the compensation for the conversion error reduced the variability caused by the differences between the sites.
Results
The significant face shape feature variables selected from the results of the one-way ANOVA are listed in Table 4 . The results for all facial features are given in Supplementary Tables S3 to  S7 .
Significant face shape features
The size-relative features for the cheekbone and jaw halfwidth, FW33 and FW43, and the shape-relative features, FW43/FD(47,51) and FW43/FD(52,51), which represent the ratio of facial horizontal width to vertical length, showed significant differences among the SC types in all subgroups; the TE type had a wider cheekbone and jaw than the SE type. Two other facial features associated with the ratio of the half-width of cheekbone to vertical face-lengths, FW33/FD(47,51) and FW33/FD(52,51), were statistically significant in specific subgroups: all subgroups except the male aged 50-69 group for FW33/FD(47,51) and the aged 30-49 groups for FW33/FD(52,51). The result of the post hoc test indicated that the TE type had a larger ratio than the SE and SY types for FW33/FD(47,51); similarly, the TE type had a larger ratio than the SE type for FW33/FD(52,51).
Another facial feature relevant to the shape of the jaw line, FA(33,43,51), showed statistically significant differences in all subgroups except the female aged 50-69 group, where the TE type had a wider and more bulged jaw than the other SC types.
Significant forehead features
There were no significant forehead features that could be used to distinguish among the SC types except PA(9,6), which describes the slope of the forehead in the male aged 30-49 group. The SY type had a more slanted forehead, whereas the SE type had a less slanted forehead.
Significant eye features
The differences among the SC types in terms of characteristic eye features typically appeared in the female groups.
The mean value of FDH(18,25), which was a measure of the eye width, was greater in the TE type and smaller in the SE type than in the other SC types. FA (18, 17, 25) , representing the shape of the upper eyelid, showed statistical significance. The female aged 30-49 TE type had a flatter eye shape, and the female aged 50-69 SE group had a more rounded eye shape.
The feature values measuring the rate of vertical eye height with respect to the horizontal width FDV(17,26)/FDH (18, 25) and the slant of the eye (FA (25, 18) , FA (17, 18) ) only showed significant differences in the female aged 30-49 group, where the SY type had a larger value than the TE type. Another shaperelated variable, FA (25, 17) , also showed significant differences: the SE type had a more downward slanting eye than the other SC types.
For the male groups, there was no evidence to demonstrate the differences among SC types. Only FA (25, 17) and FA (18, 17, 25) showed significant differences, and these were in the male aged 50-69 group.
Significant nose features
The major nose characteristic distinguishable among the SC types was FW35, representing the half-nose width. FW35 was statistically significantly different between the TE and SE types in all subgroups except the male aged 30-49 group. The TE type had a larger half-nose width than the SE type. A nose shaperelated feature, FD(52,49)/FW35, representing the ratio of the vertical length of the nose to the horizontal width, showed significant differences in the male aged 50-69 and female aged 30-49 groups. The post hoc tests revealed that the SY type had a larger value than the TE type in the male aged 50-69 group and a larger value than the SE type in the female aged 30-49 group. A feature related to nose height, PA (14, 21) , was significantly different only in the male aged 30-49 group, where the TE type had a more upturned nose than the SE type.
Significant mouth features
There was no evidence to verify the differences in mouth characteristics among the SC types.
Mixed-effect model analysis
The results of the mixed-effect model analysis for FW33 and FW33 adj are shown in Table 5 . In Model 1-2, the covariate (distance) was significant, whereas the variance component of SITE decreased compared to the variance component in Model 1-1. It was revealed that the site-to-site variability was attributable to the variability in photographic distance, which affected the value of FW33. For Model 1-3, which was established after compensating for the conversion error, it was observed that the significance of distance was reduced, while the variance component of SITE was similar to Model 1-2. These results showed that the variability due to the site difference was reduced by compensating for the conversion error with the proposed method for FW33, even though the variance of SITE was still significant. Similar results were obtained for FW43 and FW43 adj from Models 2-1 through 2-3, as shown in Table 6 .
Discussion
The goal of this study was to identify the significant facial features of the SC types using an objective and quantitative method inspired by the description of the facial characteristics of SC types in the classical SCM literature. To analyze the features without the subjective bias introduced by the patient's response or the SCM doctor's opinions and experience, a large amount of data from various sites was required. At the same time, it was necessary to compensate for the systematic errors caused by processing data collected from various sites with heterogeneous experimental environments.
In this paper, therefore, frontal and profile face images from 1464 patients, acquired from 19 sites, were analyzed to minimize diagnostic bias. The patients were divided into subgroups of 30-49-year-olds and 50-69-year-olds for both male and female subjects. At this point, a compensation technique was employed to reduce the conversion error and site-to-site variability caused by the location of the ruler and the difference in photographic distance at each site. The results of the statistical analysis showed the following:
(i) the TE type generally had a wider cheekbone and jaw than the SE type, and the TE type had a squarer face than the other SC types, except in the female aged 50-69 group; (ii) in the male aged 30-49 group, the SY type tended to have a more slanted forehead than the SE type; (iii) the female TE type had wider and flatter eyes, and the female SE type had rounder upper eyelids; (iv) the TE type had a wider nose than the SE type, except in the male aged 30-49 group, and the TE type in the same group had a more upturned nose than the SE type; and (v) no significant features were observed regarding the mouth shapes.
Many of these features were consistent with the facial characteristics described in the SCM literature, although some characteristics could not be represented exactly by the corresponding variables.
Through a variance component analysis using a mixedeffect model, it was confirmed that the site-to-site variability could be attributed to the difference in photographic distance, and this was reduced by compensating for the conversion error using the proposed technique. The significant facial features and characteristics were thus acquired from the results with a reduction in both diagnostic bias and site-to-site variability. It is noted that the features represent the common characteristics of each SC type in the sense that we collected extensive opinions from many SCM doctors with various points of view. We expect that these findings and the related compensation technique will contribute to establishing a scientific basis for the precise diagnosis of SC types in clinical practice. In recent studies, the association of SC types with metabolic disease was explored, [26] [27] [28] and they found that the prevalence of metabolic disease varied across different SC types. Therefore, the significant facial features representing the SC types may also be helpful in predicting metabolic disease susceptibility.
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